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include destruction rather than transfer of the contaminant to an-
other medium, minimal exposure of on-site workers to the contami-
nant, long-term protection of public health, and possible reduction in
the duration of the remediation process.

BASICS OF BIOREMEDIATION PROCESS DESIGN

Biological and nonbiological measures to remedy environmental
pollution are used the same way. All remediation techniques seek
first to prevent contaminants from spreading. In the subsurface, con-
taminants spread primarily as a result of partitioning into ground
water. As the ground water advances, soluble components from a
concentrated contaminant pool dissolve, moving forward with the
ground water to form a contaminant plume. Because the plume is
mobile, it could be a financial, health, or legal liability if allowed to
migrate off site. The concentrated source of contamination, on the
other hand, often has settled into a fixed position and in this regard
is stable. However, until the source can be removed (by whatever
cleanup technology), the plume will always threaten to advance off
site.

Depending on the nature of the site, the types of contaminants,
and the needs of the parties responsible for the contaminated site, the
treatment technologies administered may vary. The source area and
the ground water plume may be treated by engineered bioremediation,
intrinsic bioremediation, a combination of the two, or a mixture of
bioremediation with nonbiological treatment strategies. Contaminant
concentrations in ground water plumes are typically much lower than
in the source area. Because of this concentration difference, manage-
ment procedures for the source area and the plume may be quite
different. When the source area is highly contaminated, aggressive
containment and treatment are often required to bring the site under
control.

Selection and application of a bioremediation process for the source
or the plume require the consideration of several factors. The first
factor is the goals for managing the site, which may vary from simple
containment to meeting specific regulatory standards for contami-
nant concentrations in the ground water and soil. The second factor
is the extent of contamination. Understanding the types of contami-
nants, their concentrations, and their locations is critical in designing
in situ bioremediation procedures. The third factor is the types of
biological processes that are effective for transforming the contami-
nant. By matching established metabolic capabilities with the con-
taminants found, a strategy for encouraging growth of the proper